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Effect of oxidant stress on growth factor stimulation of prolifer- decreased [7]. By 24 hours after recovery, the actin cy-
ation in cultured human proximal tubule cells. Restoring kid- toskeleton had largely reverted to normal, as had cell
ney function after injury involves cell migration and prolifera- adhesion. During the period of recovery, integrin expres-tion, processes that are yet to be precisely defined. Because
sion was only modestly and selectively increased, withepidermal growth factor (EGF) and insulin-like growth factor-1
an approximate 25 to 50% increase in a6 but not b1 or(IGF-1) promote recovery from acute renal failure, we used
SV-40 immortalized human proximal tubule cells to examine aVb3 integrin subunits [7]. Thus, we reasoned that inte-
the effects of these growth factors on cell proliferation after grin signaling is likely to be more important than integrin
peroxide injury (1.5 mm for 1 hour). ATP levels decreased to expression per se in the recovery of cell function. To
z15% of control values immediately after injury but returned
examine the influence of integrin signaling on the recov-to nearly normal levels after 4 hours of recovery. Under control
ery of cells from acute injury and the interaction of oneconditions, both EGF and IGF-1 stimulated proliferation and
of the key signaling molecules, focal adhesion kinase [8],their effects were additive. However, 20–24 hours after injury,
while IGF-1 stimulated proliferation, EGF was no longer effec- with growth factors, we first needed to define the role
tive nor was the combination of EGF and IGF-1. Although of growth factors in our system in one of their most basic
the EGF receptor was decreased 20 hours after injury, the lack functions: cell proliferation.of IGF-1 effect could not be explained by loss of the IGF-1
Both epidermal growth factor (EGF) and insulin-likereceptor, which remained unchanged after peroxide injury.
growth factor-1 (IGF-1) accelerate recovery from acuteThus, the mechanism responsible for the blunting of the IGF-1
effect on proliferation following injury remains speculative. renal failure in experimental animals [9]. EGF has been
However, we conclude that the effects of growth factors under more extensively studied and promotes recovery from
control conditions may not predict their effects after injury. various forms renal failure, including ischemic [10] and
toxic acute renal failure, such as following mercuric chlo-
ride [11] and gentamicin [12] exposure. The mechanisms
The events involved in the recovery of tubule epithe- underlying the beneficial effects of the growth factors are
lial cells from acute injury remain incompletely defined. not completely understood. The stimulation of cell prolif-
During the recovery phase, cells lining the tubule lumen eration is one potential mediator of these effects. Indeed,
first spread to cover the defects caused by the loss of in the first study examining the beneficial effects of growth
tubule cells during injury [1]. Cells undergo proliferation factors on recovery from renal insult, Humes et al
to replace those that were lost, and finally, the cells showed that EGF increased proliferation in the rat renal
redifferentiate [2]. Our laboratory has been interested in cortex following ischemia [10]. Furthermore, it is known
the potential role of integrins in the recovery of proximal that both EGF and IGF-1 stimulate proliferation of vari-
tubule cells from acute renal injury [3] because of their ous renal tubule epithelial cells in culture, including prox-
importance in cell spreading and migration [4, 5]. Fur- imal tubule cells [13–16]. However, growth factor stimu-
thermore, integrins influence the response to growth fac- lation of epithelial cell migration is likely also important
tors [6]. as EGF stimulates the migration of intestinal epithelial
Our initial studies in JTC-12 cells, a monkey proximal cells in an extracellular matrix-specific manner [17].
tubule cell line, showed that after oxidative stress, the In some epithelial cells, the mitogenic effects of EGF
actin cytoskeleton was disrupted and cell adhesion was and IGF-1 are additive or synergistic [18–20]. It has been
postulated that the reason for the additivity is that they
work on different points in the cell cycle. EGF may actKey words: cell proliferation, JTC-12 cells, acute renal failure, renal
insult, oxidative stress. as a so-called competence factor stimulating quiescent
cells in the G0 phase to enter the cell cycle, whereas 1999 by the International Society of Nephrology
1274
Weston et al: Effect of oxidant stress on growth factor stimulation 1275
Fig. 1. Effects of epidermal growth factor (EGF)
and insulin-like growth factor-1 (IGF-1) on prolif-
eration between 20 and 24 hours after exposure to
hydrogen peroxide. Symbols are: (h) no growth
factors; ( ) EGF; ( ) IGF-1; ( ) EGF 1 IGF-1;
*P , 0.05 vs. no growth factor addition after
exposure to the same peroxide concentration;
†P , 0.025 vs. EGF or IGF-1 treatment alone.
IGF-1 acts primarily in the G1 to S phase transition, in vivo study examining whole cortex [24], we found no
increase in the EGF receptor after IGF-1, nor did EGFacting as a so-called progression factor [18–20]. However,
EGF in some cells also stimulates G1 cells to progress significantly alter the expression of the IGF-1 receptor.
The causes of the impaired proliferative response toto the S phase.
Studies on the effects of EGF and IGF-1 in cultured EGF remain speculative, as does the apparent inhibition
of the response to IGF-1. Certainly the decrease in EGFtubule epithelial cells following injury are limited. Some
studies have suggested that after injury, EGF stimulates receptor expression after peroxide treatment could con-
tribute to the decrease in EGF responsiveness. However,recovery [21, 22]. None of the studies have examined
whether the effects of EGF and IGF-1 after injury might EGF had no effect on the IGF-1 receptor and thus cannot
explain the blunting of the IGF-1 response by EGF. Onebe additive.
For these studies, we then used SV-40 immortalized possibility is that after oxidant stress, EGF alters IGF-1
receptor activation. Another possibility is that EGF al-human proximal tubule cells when they became available
from Dr. Lorraine Racusen [23]. The cells were injured ters IGF-1–binding proteins. The proximal tubule has
been reported to produce IGFBP-2 [25], IGFBP-4 [25,with 1.5 mm peroxide for one hour. Following peroxide
injury, adenosine 5’-triphosphate (ATP) levels fell to 26], and IGFBP-5 [25] where they may be released or
remain cell associated. By sequestering IGF-1, they playapproximately 15% of normal, but within four hours,
there was almost complete recovery of ATP levels. an important role in regulating the biological effects of
IGF-1. Depending on the conditions, they may eitherUnder control conditions (0 peroxide), as expected,
both EGF and IGF-1 increased cell proliferation (Fig. inhibit or potentiate IGF-1 action. It is conceivable that
EGF alters IGF-1 binding proteins after injury.1). Furthermore, the combination of EGF and IGF-1
stimulated proliferation more than either growth factor As noted earlier in this article, functionally, EGF and
IGF-1 act on different points in the cell cycle. However,alone. Between 20 and 24 hours after injury, proliferation
was suppressed, but IGF-1 still stimulated proliferation. more recent studies suggest overlapping functions. For
instance, depending on the cell type, both may increaseHowever, surprisingly, neither EGF nor the combination
of EGF and IGF-1 stimulated proliferation over that cyclin D1 expression [27–30]. EGF, in some cases, may
be growth inhibitory because of the stimulation of theseen in injured cells that had not been exposed to growth
factors. cyclin kinase inhibitor p21WAF/Cip1 [31–33]. The detailed
effects of these growth factors in the proximal tubuleWe examined the surface expression of EGF and
IGF-1 receptors by flow cytometry. EGF receptor ex- are not known. It is conceivable that following injury,
the effects of EGF and IGF-1 on cyclins, cyclin kinases,pression was significantly decreased by EGF (by about
60%) but not IGF-1. Furthermore, oxidant stress de- and/or cyclin kinase inhibitors differ from control con-
ditions.creased EGF receptor expression (by approximately
35% after 20 hours recovery). Peroxide injury had no The extrapolation of the in vitro results to in vivo
conditions is hazardous. However, we suggest that theeffect on IGF-1 receptor expression. In contrast to an
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